Treatment options for patients with hormone receptor-positive (HR+), HER2-negative (HER2-) breast cancer and resistance to endocrine therapy remain limited. An interesting therapeutic target in these patients is fibroblast growth factor receptor 1 (FGFR1). FGFR1 is amplified in approximately 11% of patients with breast cancer, especially those with HR+ disease. This report presents a patient with metastatic HR+ HER2-breast cancer harboring an FGFR1 amplification who was resistant to endocrine therapy but responded to pazopanib, a multityrosine kinase inhibitor with FGFR-inhibiting activity. Upon pazopanib treatment, the patient's brain lesions nearly disappeared, and she experienced therapeutic changes in the lung and an improvement of liver function. This case suggests that pazopanib may be a promising agent for the treatment of patients with breast cancer and FGFR1 amplifications. 
A 47-year-old Asian woman presented at our institution with stage IIIA (T1cN2M0) invasive ductal carcinoma. She underwent breast-conserving surgery and axillary lymph node dissection. Her tumor was found to be grade II, estrogen receptor-positive, progesterone receptor-negative, and HER2-negative (HER2-), and had spread to 10 of 17 dissected lymph nodes. The patient was treated with TEC (taxotere, epirubicin, and cyclophosphamide) adjuvant chemotherapy for 3.5 months followed by endocrine therapy with goserelin and tamoxifen. This regimen was continued for 2 years until the patient experienced relapse with multiple lung metastases. She received various therapies over the next 4.5 years, including chemotherapy, endocrine therapy, radiotherapy, and targeted therapy. The chemothera- peutic drugs used were vinorelbine, gemcitabine, UFUR (tegafur/uracil), CMF (cyclophosphamide, methotrexate, and fluorouracil), eribulin, capecitabine, and paclitaxel, and the endocrine drugs were goserelin, fulvestrant, letrozole, and exemestane; everolimus was used for targeted therapy.
However, the patient's disease progressed, and she was diagnosed with brain metastasis after having a seizure. To determine suitable treatment options, she underwent comprehensive tumor genetic testing via nextgeneration sequencing of all coding exons of >400 cancer-related genes (ACTOnco, ACT Genomics Co., LTD, Taipei City, Taiwan) to detect sequence variants and copy number alterations, as well as testing for genetic alterations of BRCA1 and BRCA2 (ACTBRCA, ACT Genomics Co., LTD). The tests were performed on an archival formalin-fixed, paraffin-embedded sample of a neck lymph node isolated 2.5 years earlier. Results revealed an unstable copy number profile of the tumor (Figure 1 ) with copy number loss on chromosome 13, which resulted in a loss of one copy of BRCA2 and a loss of both copies of RB1. The RB1 loss indicated that the patient would be unlikely to benefit from palbociclib treatment. However, an amplification was observed for chromosome 8, including the gene for fibroblast growth factor receptor 1 (FGFR1) with an observed copy number of 9. Importantly, no activating mutations in FGFR1 downstream signaling pathway genes, such as KRAS, were detected. These results indicated that the patient could benefit from treatment with FGFR inhibitors, such as pazopanib.
The patient received pazopanib treatment for 7.5 months at an oral dose of 400 to 600 mg/d. The major adverse effect of pazopanib treatment was fatigue. After 3 months of treatment, therapeutic changes were evaluated by radiologic imaging. The most striking treatment effect was observed in the brain. Before treatment, tumors with internal calcifications and perifocal edema were observed in the left cerebral hemisphere ( Figure 2A) ; after 3 months of treatment, metastases were nearly absent and there was a decrease of perifocal edema. Those changes represent a partial response according to RECIST 1.1 criteria. In addition, therapeutic changes were seen in the lung metastases ( Figure 2B ), and levels of the tumor markers carcinoembryonic antigen and CA-153 decreased ( Figure 3A and B ). An improvement of liver-related disease was also seen, as indicated by decreased serum bilirubin levels ( Figure  3C ). Furthermore, the patient's jaundice and clay stools improved after 3 weeks of treatment, and did not worsen thereafter. Unfortunately, the patient eventually experienced relapse and died 7.5 months after pazopanib initiation.
Discussion
This case report suggests that pazopanib treatment may be a promising option for patients with metastatic hormone receptor-positive (HR+) breast cancer with FGFR1 amplifications for whom previous lines of treatment have failed. Patients with HR+ breast cancer are sensitive to endocrine therapy and have a considerably better prognosis than those with HR-negative disease. 1 However, resistance to endocrine therapy may develop, presenting a need to find alternative treatment options. To find a matching, personalized targeted therapy for these patients, genetic profiling may be used to identify relevant oncogenic drivers.
One such driver is FGFR1. Amplifications of FGFR1 are correlated with enhanced protein expression and deliver important growth and survival signals to tumor cells, and overexpression of FGFR1 is associated with a shorter distant metastasis-free survival.
2 FGFR1 amplification occurs in approximately 11% of patients with breast cancer, especially those with HR+ tumors. 3, 4 Preclinical data indicate that FGFR1 amplifications may be involved in mediating resistance to endocrine therapy. 2 This is in line with the observation that therapy resistance is particularly common in patients with luminal B tumors, 5 among whom 16% to 27% harbor the alteration. 2 Preclinical data further indicate that FGFR inhibitors may be effective in patients with FGFR amplification, 6, 7 and some available clinical data support this notion. Among patients with breast cancer treated with the experimental FGFR inhibitor dovitinib, those with FGFR1 amplifications and a copy number ≥6 seemed to benefit more from treatment. 8 Similarly, among 8 patients with breast cancer and FGFR1 amplifications who were treated with AZD4547, only the patient with the highest copy number experienced a response. 9 However, not all studies found an association between a high FGFR1 copy number and response to FGFR inhibition, 10 and further studies are required. An FDA-approved FGFR inhibitory agent is the multi-tyrosine kinase inhibitor (TKI) pazopanib, which is indicated for the treatment of renal cell carcinoma and soft tissue sarcoma. This case report shows that pazopanib induced an encouraging clinical response in a patient with breast cancer and FGFR1 amplification. Importantly, the patient was heavily pretreated and had metastases in the liver, lung, and brain. Upon treatment, the brain lesions nearly disappeared, and therapeutic changes in the lung, an improvement of liver function, and a decrease in tumor markers occurred. Unfortunately, the patient experienced relapse and died 7.5 months after pazopanib initiation. However, the clinical improvement observed for this patient represents an impressive treatment success considering the patient's disease presentation before treatment.
Patients with HR+, endocrine therapy-resistant breast cancer represent a considerably large subgroup. This subgroup has previously been shown to benefit from pazopanib treatment, 11 but biomarkers for response to this agent need to be identified, also because of toxicity concerns. 12 A promising biomarker for pazopanib and other FGFR inhibitors may be FGFR1 amplification, and in addition to the present case report, another recent publication reports stable disease in a patient with HR+ breast cancer with FGFR1 amplification. 13 Further potential markers for pazopanib treatment include alterations in other FGFR or FGFR ligand genes. Future studies may be needed to further investigate biomarker validity and determine cutoffs for different agents. [8] [9] [10] Because pazopanib is a multi-TKI with vascular endothelial growth factor receptor (VEGFR) inhibitory properties, VEGFR inhibition may have contributed to the tumor shrinkage observed in our patient. Studies with different FGFR inhibitory agents enrolling higher numbers of patients with FGFR1 amplifications may shed light on the effectiveness of multi-TKIs with broad activity compared with more specific FGFR inhibitors, such as AZD4547.
Our case report highlights the value of comprehensive genomic profiling by next-generation sequencing to identify therapeutic options for patients with endocrine therapy-resistant breast cancer in a personalized way. By sequencing >400 cancer-related genes, we were not only able to detect the FGFR1 amplification, but could also ensure that important genes downstream of FGFR1, such as KRAS, 2 were unaltered. This made a response to FGFR inhibition more likely, not just from a single-gene but also from a whole-pathway perspective. It would be interesting to know whether the presence of downstream mutations may have contributed to the resistance of patients with FGFR1 amplifications on treatment with the FGFR inhibitors dovitinib 8, 10 or AZD4547. 9 We further detected a deletion of both copies of RB1, indicating that the patient would likely not have benefitted from palbociclib.
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Conclusions
This case report identifies pazopanib as a targeted agent that may be considered for the treatment of patients with HR+, endocrine therapy-resistant metastatic breast cancer who harbor FGFR1 amplifications. Future studies are warranted to further evaluate this treatment option.
